Growing competition, numerous innovations in products and constant or declining price trends are the typical characteristics of electronics industry in general and consumer electronics in particular. In such an environment, an organization requires skills to change and adapt itself to the changing circumstances. Its products have to meet the changing consumers expectations in a systematic way. Technological development, planned production, and an aggressive marketing strategy are essential to succeed in such an environment. Product reliability is critical. Successful organizations, therefore, continuously engage in research and development efforts to evolve new and finer products with better quality and higher reliability.
hi this paper, we estimate the reliability of television sets and draw the implications of reliability for marketing. The analysis is based on empirical data collected for colour television sets after they have been in use for sufficiently long periods.
What is Reliability?
Reliability can be defined as the probability an item will perform a function required of it under specified conditions for a stated period of time. Reliability of a system can be estimated using historical data. As the probability of any event can only vary between zero and one, reliability is also a number lying between zero and one. However, it is customary to multiply the figures by hundred and express reliability as a percentage. Reliability is not an absolute concept. As nothing can last permanently, the reliability figure will hold good for the specified time interval only.
Clear distinction has to be made between quality and reliability. Quality is a static descriptor, whereas reliability is a dynamic one. Reliability is measurable only in use. Quality is intrinsic to the part while reliability is a measure of the performance of the part.
When a system fails, it is not always easy to trace the reason for its failure. The failure may be due to:
• a "poor quality" component or part, • abuse of the system or a part/parts within it, or • a combination of both.
Sometimes failures can occur because of a design fault, even though no particular component has failed.
Importance of Reliability,
Reliability of a product facilitates its marketing. The marketing man will be able to sell it more confidently and successfully in a highly competitive market. The information needed for making reliability calculations can be generated by the marketing department. Once the data are analysed, it becomes the responsibility of design, production, and finance wings to coordinate and modify the product for the required reliability. Further, reliability is helpful to the marketing division in planning the after-sales service network and even for making changes in it from time to time.
Reliability in electronic equipment is especially important and can serve as the foundation on which long-term corporate objectives can be formulated and achieved. The motivation to design a reliable television set is to satisfy the customers and to make profit. Greater failures in such consumer products affect the manufacturer in two ways: (i) directly through warranty repairs and (ii) indirectly through loss of goodwill and sales.
While the prices of other consumer products have risen steadily in the past, the prices for colour TV sets have remained constant or even declined. Stiff competition and emergence of new products are the prime reasons for this peculiar behaviour, which is typical of consumer electronics industry. The manufacturer would like to maximize the reliability for the warranty period, based on viewing time per year and on other factors like on and off cycles and change of channels.
A television manufacturer can offer higher reliability at a higher cost but a higher price would increase consumer sales resistance. Clearly, reliability in television sets is closely linked to profitability. Hence optimum reliability, cost of production, and after-sales service networks have to be achieved. Testing of both parts and systems is important. For this product, 100 per cent testing is not viable.
Estimation of Reliability
Life testing and reliability experiments are designed to measure the average life of a component or a system consisting of components. In a simple life-testing experiment, a number of items are subjected to tests and the data consist of the recorded lives of all or some of the items. No matter how efficient the manufacturing process is, one or more failures would occur. Such failures may be because of careless planning, substandard equipment, lack of proper quality control, or because of random causes. Random causes arise due to wear out or fatigue and the aging of the item. Any study pertaining to life-testing estimates needs systematically observed data which may come from a sample or field survey. The theory of statistics suggests the existence of some theoretical models to depict reliability. Exponential, Weibull, and Gamma distributions are the most popular models that are being used to study the reliability of a system depending on the nature of failure rate.
The present study used "time-censored sample." After waiting for a 15-month period and allowing sufficient product use, a survey was conducted to collect the failure information. The data collected are shown in Table 1 . The data follow an exponential pattern, which has a constant failure rate. Though there are minor deviations in the data, the deviations are quite negligible, and so the system can be studied as one with a constant failure rate per unit of time. To determine the constant failure rate, it is useful to compute the most probable average time between any two successive failures. This is called the Mean Time Between Failures (MTBF). It provides an idea of the time interval between any two consecutive failures which helps to predict and prepare for the occurrence of the next failure. The failure rate per unit of time is the reciprocal of the mean time between failures. The reliability of a system can be computed once the MTBF is known. The Mean Time Between Failures (MTBF) = Total operating hours of the items in the system Total failures occurred in the system For example, suppose ten operating TV sets are kept under observation for ten hours. During that period, suppose three sets fail after operating for four, five, and six hours respectively. The total operating hours for the sample of ten would be 85 hours. There would be three failures.
Hence, MTBF = 85/3 = 28.33 hours If all the three failures were attended to and repaired in no time, so that no operating time was lost, then the operating time of the sample would have been 100 hours (with three failures).
In that case MTBF would increase to 100/3 = 33.33 hours Thus, by attending to failures immediately, the MTBF can be increased. 
Sample and Data Collection
A sample of 3,000 TV sets was chosen from a total population of around 30,000. The operating hours for each were determined. The days of operation are the difference between the date of purchase and the date of collection. Data pertaining to the specificity of the item, date of purchase, dates of complaints received and rectified were available at the service centres. From these, it was possible to compile the operating days for each set and the time taken to eliminate the defect in a set that failed. The addition of all these days is the operating time for the whole sample. The viewing time per day was governed by the telecast time and the quality of the programmes. Telecast time was six hours per day, including Sundays. Four hours of viewing time per day, on an average, was considered reasonable. The total viewing time is total operating days multiplied by the The applicability of this value to the whole population depends upon the composition, the size, and the nature of the items of the sample.
The calculations give the failure rate to be 0.0004 with a mean time of 2,500 hours between failures. As the time passes, the reliability decreases exponentially as shown in Table 2 . The table also indicates that when the MTBF value equals the time of operation, that is, 2,500 hours, the reliability decreases by 63 per cent. The product then is only 37 per cent reliable. It, therefore, follows that if a product has higher MTBF, it will be more successful in the long run. As the operating time increases directly with the increase in telecast hours, the stress and strain on TVs also increase and hence the device needs a higher MTBF value. Figure 1 gives reliability curves for different MTBF values. The first curve is for 1,000 hours, and the last curve is for 6,000 hours.
Since the operating hours of all sets up to the occurrence of first failure are included, it is possible to compute the Mean Time To First Failure (MTTFF). MTTFF is the average time up to the occurrence of the first failure of the system. For a system which cannot be reused, MTTFF is its average life. 
Warranty Period Decision
The figure of MTTFF can be a basis for warranty period decision making. Though the decision cannot wait till a survey is conducted, the above calculations give an idea of "the extent to which the decision is rational." If the MTTFF is quite high, the company can explore the possibility of increasing the warranty period. In the present case, the warranty period is 365 days and MTTFF is 650 days. MTTFF is not quite adequate to increase the present warranty period by one more year. When the product is improved and achieves a higher reliability, it is possible to give a longer warranty period.
Role of MTBF in Estimating Number of Complaints and Warranty Expenditure
If there are 5,000 TV sets in a city, with MTBF of 2,500 hours and failure rate of 0.0004, then the number of failures can be estimated as follows. Assuming the viewing hours to be four per day, Average viewing time per year = 365 X 4 = 1,460 hours
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On an average 1,460/2,500 = 0.584 complaints are likely to be received per set in a year. Thus the total number of complaints will be (5,000) X (0.584) = 2,920.
If it costs Rs 50 for each complaint to be attended to, the company has to incur 2,920 x 50 = Rs 1.46 lakh in a year. The revenue expected from all these sets by extending a one year guarantee should at least break even with this amount.
MTBF in Planning After-Sales Service
It is known that there may be 2,920 complaints in a year for a population of 5,000 sets. Assuming 292 working days with an eight-hour schedule, a technician works for 2,336 hours in a year, If he takes three hours to attend to a complaint, he can answer 2,336/3 = 778 calls in a year, four technicians plus a stand-by will form an optimum group. So the service centre will have five technicians with cater to a city with 5,000 TV sets.
Effect of Increased Viewing
Viewing for four hours was assumed to be reasonable, given a telecast time of six hours per day. It may be of interest to study the effects on the service network of increased viewing time.
As an example, viewing of a cricket match of five hours' duration on a particular day can be considered. When the failure rate is .0004, using the exponential model, one can say that 99.8 per cent of the sets are likely to perform without failure, or two out of 1,000 sets are likely to fail. If all the 5,000 sets are in use, there are likely to be ten complaints. With a team of four technicians, all the ten complaints can be attended to.
Limitations
In this paper, a number of issues in marketing of TVs such as warranty period, after-sales service, the number of technicians needed, and the cost implication of warranty period were related to reliability. On all these dimensions, there can be gainful improvement if reliability is improved. But achieving high reliability may be difficult. This is due to the complexity and sophistication of the equipment and the requirement that a large number of components function without failure. To improve reliability, R & D may improve the design by using items having higher ratings and greater safety margins. This may add to the size, weight, and cost of the equipment. Hence tradeoffs among size, weight, cost,«and reliability may be necessary.
Secondly, data concerning the reliability under desired conditions are not always available. Thirdly the prediction of reliability has to be timely.
Conclusion
Reliability is a statistical concept which has far reaching implications in fostering the goodwill of a company in public. In Indian conditions, this concept has not yet attracted the required attention from management and marketing people. To achieve success under highly competitive conditions, companies have to use reliability as an effective marketing tool. As a last word, one can refer to the success story of IBM in the world of computers because of their high reliability.
